The Kos Plateau Tuff is a large (>60 km 3 ) and young (160 k.y.) calc-alkaline, high-SiO 2 rhyolitic ignimbrite from the active Kos-Nisyros volcanic center in the Aegean arc (Greece). Combined textural, petrological and geochemical information suggest that (1) the system evolved dominantly by crystal fractionation from (mostly unerupted) more mafic parents, (2) the magma chamber grew over 250 000 years at shallow depth (∼1.5-2.5 kb) and was stored as a H 2 O-rich crystalline mush close to its solidus (∼670-750°C), (3) the eruption occurred after a reheating event triggered by the intrusion of hydrous mafic magma at the base of the rhyolitic mush. Rare banded pumices indicate that the mafic magma only mingled with a trivial portion of resident crystal-rich rhyolite; most of the mush was remobilized following partial melting of quartz and feldspars induced by advection of heat and volatiles from the underplated, hotter mafic influx.
Introduction
Understanding the formation, storage conditions and eruption triggers of large silicic magma bodies is of obvious societal importance. These large accumulations of viscous, and volatile-rich magmas can lead to explosive eruptions of 100s to 1000s km 3 of material in a few days [1] . These events have devastating effects on a global scale, as their energy release are only matched by large asteroids impacts [2] . Despite being the ultimate hazard generated by our planet, the efforts put into unraveling what hap- * E-mail: bachmano@u.washington.edu pens prior to and during these "supereruptions" remain inadequately limited (see [3] ).
One such large, explosive eruption, referred to as the Kos Plateau Tuff (KPT; [4] ) occurred ∼160 000 years ago in the eastern Aegean region (Greece) . The young age of deposits, and their excellent preservation in the dry Mediterranean climate provide an exceptional opportunity to dissect such a unit using the latest analytical techniques in petrology and geochemistry. This contribution reports detailed textural and geochemical information on all major phases (minerals and glass) that are present in this ignimbrite and provide insights into its evolution in the shallow crust and the processes that led to its eruption.
Tectonic setting

Aegean Arc
The active South Aegean volcanic arc consists of volcanic centers (from W to E) of the Saronic Gulf (Crommyonia, Aegina and Methana) and the Aegean Sea (Milos, Santorini, and Kos-Nisyros). This magmatic activity is a result of northeastward-directed subduction of the African plate beneath the Aegean microplate ( Figure 1 ) and erupted products display the typical calc-alkaline signature (e.g., [5] ). The subduction zone is thought to have been active since the early Tertiary, and has been migrating south with time (with Oligo-Miocene magmatism in Thrace and Macedonia). This southward migration of the arc is most likely a consequence of roll-back of the subducted slab, but may also have been influenced by the westward motion of Anatolia (e.g., [6] [7] [8] [9] ). Convergence rate is around 1 cm/year [10] , one of the slowest in the world [11] .
The eastern sector of the arc, including the volcanic centers of Santorini and Kos-Nisyros is geodynamically very active and is at present a region of high tectonic unrest. Volcanic activity related to the modern Hellenic arc in the Kos-Nisyros area began at least 3.5 Ma ago [12] . Volcanism started with several andesitic, dacitic, and rhyolitic domes and pyroclastic flows of limited volumes, emplaced in different locations around the SW part of Kos island (Kefalos Peninsula; [13] [14] [15] ). The largest volcanic deposit of the area (the Kos Plateau Tuff, hereafter KPT) erupted ∼161 k.y. ago, generating > 60 km 3 of non-welded rhyolitic ash and pumice [4] . The KPT is best preserved on Kos, but is also exposed on the neighboring Greek islands of Tilos, Kalymnos, Pachia, as well as on the Turkish peninsula of Bodrum and Datça (see Figure 1 ; [16] ). Isopach, isopleths and transport direction data indicate that the vent areas for the KPT were situated in the bay between southwest Kos and Nisyros volcano. The eruption is inferred to have formed a caldera at least 6-11 km in diameter, and perhaps as much as 20 km [16] . Subsequent activity, such as the Nisyros composite volcano (e.g., [17] [18] [19] [20] [21] [22] [23] [24] ), the Yali pumice cone and rhyolite lavas [25] , the Pleistocene-recent Strongyle basaltic andesitic cone, and several submarine volcanoes in the area of Yali and Nisyros [26] all indicate that the Kos-Nisyros system remains magmatically active at present.
Analytical methods
Major elements were measured by X-ray fluorescence (XRF) on fused glass disks on a Phillips PW2400 spectrometer at the University of Lausanne (following the tech- nique of [27] ). The same samples were analyzed by XRF for trace elements using pressed-powder pellets. A small subset was chosen for analyses using inductively coupled plasma mass spectrometry (ICP-MS) at University of Lausanne. The analyses were performed using a 193nm Excimer laser and quadripole Perkin Elmer Sciex Elan 6100 DRC mass spectrometer on the glass disks. A deadtime of 90 seconds was counted before the ablation, which lasted about 20 seconds. The laser beam size was set to 120 μm with a power of 160 mJ. Helium was used as a carrier gas to transport ablated ions into the ICP-MS torch system. All mineral phases were analyzed at University of Lausanne, using either the microprobes Cameca SX50 and Jeol 8600 Superprobe, except for quartz, that was analyzed at Rensselaer Polytechnic Institute (see [28] for operating conditions). Operating conditions in Lausanne were: accelerating voltage 15 kV, counting times 15-40 s on peak and 10 s on background, focused beam of about 1 micron for feldspars, Fe-Ti oxides, and amphibole, while defocused beam (5-20 microns) were used for biotites and glasses. Volatile elements (Na, Cl, F) were always analyzed first. Beam current was 10 nA for glasses and biotites, 15 nA for plagioclase, biotite and amphibole and 20 nA for Fe-Ti oxides. Standardization involved a set of natural and synthetic materials.
High Resolution Transmission Electron Microscopy (HR-TEM) analyses were performed at the University of Fribourg (Switzerland) using a Philips CM200 operated at 200 kV, equipped with an EDAX energy dispersive X-ray spectrometer (EDS). The beam diameter for the EDS analyses was 5 nm.
Sr and Nd isotopes on whole-rock samples were analyzed at the University of Geneva, using a Finnigan MAT 262 system. The extraction process and analytical conditions followed those described in [29] ). Oxygen isotopes were measured both at the University of Lausanne and University of Oregon. In Lausanne, minerals were laser-fused (using a CO 2 fluorination laser) associated with a Finnigan MAT 253 mass spectrometer. Standards used were NBS (δ 18 O = 9.64‰) and LS (δ 18 O=18.1‰). The techniques at the University of Oregon are described in [30] ).
Kos Plateau Tuff
Previous work
Notable previous work on KPT includes the petrological study of Keller (1969) , who concluded that the KPT magma had been produced by partial remelting of a granitic body in the upper crust. Supporting evidence include: (1) the resorption of feldspar and quartz in KPT pumices, (2) the presence of glass-bearing granitic enclaves similar in whole-rock composition and mineralogy to the KPT magma, and (3) the highly evolved, neareutectic composition of the matrix glass. Keller (1969) hypothesized that the reheating was a consequence of a new injection of more mafic magma beneath the cooling pluton, but no evidence of such a mafic magma was found at the time. Subsequent studies (e.g., [16, 31] ) documented compositionally banded pumices, providing support for the hypothesis that the partial remelting event was indeed associated with the injection and limited mingling of more mafic magmas into the system. Due to the importance of this unit as a geographically extensive stratigraphic marker (both on land and in submarine sediment cores), a detailed 40 Ar/ 39 Ar geochronological study was undertaken [32, 33] . Using the laser-fusion single-crystal technique on sanidine, the eruption age of the KPT has been precisely dated at 161.3 ± 1.1 k.y. [33] . In contrast, plagioclase revealed a more complex history, yielding four different ages populations at ∼162 k.y. (indistinguishable from eruption age), ∼271 k.y., ∼925 k.y., and ∼1728 k.y., indicating complex petrologic evolution involving crystal recycling [32] . The KPT eruptive stratigraphy was studied in detail by previous authors [16, [34] [35] [36] [37] [38] . The eruption began and ended with phreato-plinian activity (Units A, B and F of Allen, 2001 ). As the eruption rate increased, the style of activity changed to magmatic-volatile-driven, with the generation of relatively widespread, topographicallycontrolled ignimbrites (Unit D). Most of the volume was erupted during the climactic caldera-forming phase, which produced a widespread, highly energetic pyroclastic flow (Unit E, Figure 2 ). The change in fragmentation style from phreato-plinian to pre-climax and climax is recorded in the pumice clasts and ash shards. 
Magmatic components
The KPT is a non-welded pyroclastic deposit, consisting of juvenile ash (glass shards, crystal fragments), pumice as well as lithic fragments (some up to 3-4 m in diam; Figure 2) from different provenance (mainly andesite to dacite clasts, but also rare occurrences of schist, metabasalt, sandstone, limestone and rhyolite; [16, 32] ). During the climactic part of the eruption (unit E), granitic clasts, some containing 10-20 vol% interstitial melt, were also erupted. These are juvenile, or co-magmatic clasts, as they have the same zircon age range as pumice samples do [39] . Several types of pumices can be distinguished on the basis of macroscopic characteristics [16] . Three petrologically useful categories can be isolated: (1) crystal-rich pumice (comprising both tube and frothy pumices), (2) crystal-poor pumices, and (3) banded (or grey) pumices. The texture, whole-rock composition, and mineralogy of each type of juvenile clasts are detailed below (see appendix 1 for pictures of thin sections and hand samples of all four pumices in the KPT).
Crystal-rich pumices
Crystal-rich pumices are by far the dominant juvenile clasts found in the KPT (>99%; Appendix 1.2 and 1.3). They vary in size from a few millimeters to almost a meter in diameter. The material is non-welded and a variety of textures has been described [16] , although tube pumices are the most abundant pumice type (>90% of the pumice population; [40, 41] ; see Appendix 1).
Crystal-rich pumices have crystal contents between 25-35 vol% crystals [40] . The main mineral phases are, in decreasing order of abundance; plagioclase, quartz, sanidine, and biotite. Accessory phases included Fe-Ti oxides, apatite, zircon and monazite. Stadlbauer (1988) reports the presence of garnet, which has not been found in this study. Traces of barite (BaSO 4 ) have also been observed as inclusions in biotite (Figure 3) . A striking characteristic of KPT plagioclase and quartz crystals is their frequently fractured and resorbed appearance ( Figure 4 , Appendix 1). Due to the high concentration of melt inclusions and melt channels in these two mineral phases, shattering most likely results from rapid decompression during magma ascent, leading to the exsolution of gas bubbles in the melt inclusions and explosion of the crystals (e.g., [42] ). Well-preserved Rapakivi textures (plagioclase mantles over K-feldspar cores) have been observed in a few thin sections ( Figure 5 ). However, most of the Rapakivi textures are found as sanidine fragments containing plagioclase inclusions and conspicuous Ba zoning (see the Mineral Chemistry section for more details on these textures). 
Crystal-poor pumices
In early-erupted deposits (Units A and B), rare (< 1 vol%) crystal-poor pumices (<5-10 vol% crystals; [40] ) can be found mixed together with the crystal-rich, tube pumices (Appendix 1). Crystal-poor pumices are generally small (few cm in diam.) highly porous (up to 80 vol% bubbles) and have dominantly small bubbles (microvesicular). Crystals are conspicuously smaller than in the crystal-rich pumices (<1 mm), and are generally fragmented. These pumices contain the same mineral assemblage as the crystal-rich type, including plagioclase, sanidine, quartz, magnetite, apatite, zircon and monazite (only ilmenite could not be found).
Grey and banded pumices
Grey and banded pumices can be found throughout the eruption sequence, although they are more conspicuous in Units D and E (Appendix 1). They remain nonetheless very rare (< 0.1 % of the total amount of pumice). They are generally 2-10 cm across, and have complex vesicle textures [43] . These pumices record the interaction between the resident rhyolitic magma and a more mafic end member, which contain rare and small crystals of hornblende and pyroxene [31, 40] . In most cases, mixing of the two magma types remained coarse (i.e., mingling), leading to conspicuous banding in the pumices. However, in rare cases, the mixing was more efficient, resulting in a pumice with a fairly homogeneous grey color.
Granitic enclaves
Granitic enclaves, similar to those described in rhyolitic units of the Taupo Volcanic Zone [44] [45] [46] can be found in the KPT (mostly in unit E; [4, 16] ). These granitic enclaves are texturally variable ( Figure 6 ); most contain glass at the boundaries between minerals (that has vesiculated, making samples very friable) but others are holocrystalline (no interstitial melt). The enclaves show a textural gradation from coarse-grained (with mm-sized crystals) to fine-grained, through intermediate bimodal textures (Figure 6a-c) . Holocrystalline enclaves are typically finergrained, suggesting more rapid cooling (Figure 6c ). When interstitial melt is present, it is mainly located at the grain boundaries, forming meandering channels (Figure 7) . In some places, crystals faces are found against glass, suggesting late growth from a residual melt rather than partial melting (Figure 7e ). Melt content measured in this study (by image analysis on BSE images) varies from 0 to ∼20 vol%, but Keller (1969) claims that some granitic enclaves have melt up to 40-50 vol%. The mineral assemblage of these granitic enclaves is identical to that of the pumice. In coarse-grained enclaves, plagioclase, biotite and some quartz crystals appear as large (mm-sized) and commonly fractured "phenocrysts", whereas the rest of the assemblage (Fe-Ti oxides, and anhedral quartz and K-feldspar crystals) fills the interstices. In addition to zircon, apatite and monazite, pyrite has been found in heavy mineral separates. As it is highly unlikely that these pyrite grains result from contamination during the separation process (no pyrite-bearing samples had been separated in the lab prior to these rocks), these pyrite crystals appear to be magmatic.
Whole-rock chemistry
Whole-rock compositions of the KPT determined for this study (see Appendix 2), are similar to previously published data [4, 16, 31] and typical for calc-alkaline rhyolites. The range in composition for all types of pumices (including grey-banded pumices) is from 71 to 76 wt% SiO 2 , 3.5 to 5 wt% K 2 O, and 0.2-1 wt% MgO ( Figure 7 ). Trace element contents do not show particularly striking variations and/or trends, except Ba, which varies from 500 to 1100 ppm, Sr, with a range from 40 to 220 ppm and Rb with a range from 90 to 140 ppm ( Figure 7 and 8, [31] ). Note that crystal-poor, crystal-rich and granitic enclaves have overlapping ranges of both major and trace element composition, while interstitial glass in crystal-rich and banded pumices is slightly more evolved (lower Sr and higher Rb). The most evolved whole-rock samples are the holocrystalline enclaves, with compositions similar to KPT glass ( Figure 7 and 8, [31] ). Ratios, such as Ba/La and Ba/Ti, are also variable for this single eruption, with Ba/La ratios ranging from 12 to 45 in KPT juvenile clasts.
Whole-rock isotopic ratios of Sr, Nd and O (δ 18 O of magma calculated from quartz data) for the KPT yield 87 Figure 9 and 10, Table 1 ). The Sr-Nd range in the KPT (and Kos-Nisyros complex; [23, 24, 47] ) is similar to (albeit less extensive than) the Santorini data [48, 49] . Volcanic rocks in Milos and centers of the Saronic gulf (Aegina, Methana, and in particular Crommyonia) generally have more radiogenic Sr and less radiogenic Nd isotopic ratios [48, 50] than Santorini and KosNisyros. Interestingly, the magmas with highest 87 Sr/ 86 Sr and lowest ε Nd in both Milos and Nisyros are the more mafic ones (andesites; [23, 24, 48] ). The wide (and poorlydefined) range of 87 Sr/ 86 Sr and ε Nd values obtained from samples of Nile sediments are indicated for reference (e.g., [51, 52] ). to those reported by Stadlbauer (1988) . The interstitial glass composition of several KPT pumices (electron microprobe analysis) is also provided.
Phase chemistry
Glass
Major and trace element composition of both matrix glass and melt inclusions were analyzed in the KPT by microbeam techniques (electron microprobe and LA-ICPMS) and were published in previous papers [53, 54] . This glass is similar in both populations and typical for a high-SiO 2 rhyolite. All Major and most trace elements show a low variability [54] . Only Ba and Sr display significant (and positively correlated) variations (Sr from 10 to 60 ppm, Ba from 200 to 1000 ppm), indicating an effect of feldspar fractionation. REE elements are typically low in abundance, with a bowl-shape pattern (depletion in MREE), and have small Eu negative anomalies [53] .
Feldspars
K-feldspars (sanidine in the volcanic rocks, and orthoclase in the granitic enclaves) vary from Or60 to Or80. The most K-rich feldspars are found in the holocrystalline enclaves, while the most K-poor (due to Ba content up to 4.5 wt% BaO, 8 mol% Celsian) are present in melt-bearing granitic enclaves. K-feldspars from banded, crystal-poor and crystal-rich pumices have a similar range of Or values (average ∼Or67). Apart from zoning in Ba, KPT Kfeldpars do not show any major chemical heterogeneities (e.g., Figure 11 and 12).
As for K-feldspars, plagioclase crystals show a similar range of compositions for all juvenile clasts in the KPT (An45-An10) with the most evolved (lowest An content) in the holocrystalline granitic enclave ( Figure 13, 14, 15 ). The most Ca-rich zones (>An40) are found uniquely in cores (even in banded pumices), and suggest inheritance from a more mafic stage of differentiation. These cores are, however, rare, and the dominant volume of the plagioclase in the KPT oscillate between ∼An17 and An25.
Most KPT plagioclase crystals have oscillatory zoning patterns superimposed on a progressive increase in An content towards the rim (from ∼An17 and An25, see examples on Figure 13 and 14). This pattern is even observed in granitic enclaves, if the outmost rims, reflecting very late growth, is removed; Figure 15 ). As closed-system crystallization would induce a decrease in An towards the rim ("normal" zoning), this progressive inverse zoning requires an explanation. Considering that the system was crystallizing over a limited pressure range (upper crust), An content could increase due to (1) changes in the melt chemistry (increase Ca content), (2) increase in H 2 O in the magma, and (3) increase in temperature (e.g., [55, 56] ). If Ca was increasing in the melt, we would expect other elements, such as Fe and Sr to increase concurrently. As Fe and Sr content do not vary significantly across inversely zoned plagioclase crystals (Figure 14) , a change in magma temperature and/or an increase in H 2 O is a more likely scenario.
The most striking textural and geochemical feature of feldspars in the KPT is the large Rapakivi grains (Kfeldspars mantled by plagioclase, [57] , Figure 5 ), and the ubiquitous sanidine crystals with plagioclase inclusions (fragments of Rapakivi crystals, Figure 11 ). Associated with Rapakivi textures is obvious Ba zoning (Figure 16 ), which reflects different generations of sanidine growth during Rapakivi formation due to the following process. As sanidine resorbs during heating, it releases Ba into the melt, which the co-precipitating plagioclase does not incorporate. Therefore, as temperature drops, the new generation of sanidine will crystallize from a Ba-rich melt, inducing the observed zoning patterns, with high Ba immediately inboard of the resorption surface. Ba zoning has been reproduced experimentally by temperature fluctuations in a chemically closed-system [58] . These Ba zoning patterns recording temperature fluctuation in magmas have been observed in other volcanic systems [59, 60] , and are in agreement with the inverse zoning patterns in plagioclase. at different stratigraphic levels of the unit). Note also the An-rich cores, suggesting growth from a more mafic magma).
Biotite
Biotite crystals in the KPT form 1-5 modal% of the mineral assemblage. Crystals are generally euhedral but show bands of different shades of brown (from dark brown to yellowish-brown under natural light) and extreme fragility under the electron beam (Appendix 3). In addition, approximately 90% of the electron probe analyses in all samples (pumices and granitic enclaves) yield low sums of total oxides (sums between 80-95%; Figure 17 for analytical details), careful and complete calibration of all important elements (SiO 2 , TiO 2 , Al 2 O 3 , FeO, MnO, MgO, CaO, BaO, Na 2 O, K 2 O, F, Cl), defocused beam (up to 20 microns in diameter) and good sums of total oxides in biotite standards. Sharp drops in some elements, which could indicate interlayering with other phases (such as drop of K in interlayered chlorite) is not observed (Figure 17) , and LA-ICP-MS trace element data are compatible with pure biotite (See Table 2 and for analytical conditions and results). Only Na 2 O increases (from 0.5 to >3 wt%) from biotites with normal sums (96± 1 wt%) to biotites with low sums (Figure 17 ).
High Resolution Transmission Electron Microscopy (HR-TEM) observations on KPT biotite crystals do not show any sub-micron interlayering with other phases. XRD spectra on the (001) plane can be interpreted as biotite crystals of different sizes (Appendix 4). TEM-EDS analyses down to the nanometer scale yield annite-rich Tibiotite compositions with some unusual components. All spectra show a Cl peak with variable intensity (Figure 18 ). In addition to K, two other potential interlayer cations show up in the spectra, Na and Ca, and there is a correlation between the size of the Ca, Na and Cl peaks. Chlorine can be incorporated in biotites, but amounts larger than 0.2 wt% are rare, with maximum amount around 2.5 wt% [61] . Similarly, Na and Ca are rarely above 1 wt% [62] . This suggests the presence of a Cl, Na and Ca-rich, submicron sized separate phase (halite or NaCl crystals or brines; [61, 63] ).
Biotites with low analytical totals and chemical evidence for the introduction of mobile elements also occur in the basal, highly evolved Bishop Tuff [64] . In both the Bishop Tuff and KPT case, the freshness of all other phases (including glass), the absence of vapor phases effects, and the abrupt quenching due to explosive eruption and nonwelded deposits argue against a post-eruptive interaction with hot water. As suggested by Hildreth (1977) , the preferred interpretation is that biotite trapped many fluid inclusions in the volatile-enriched magma chamber, probably in response to the presence of an exsolved brine phase.
In the few biotite electron microprobe analyses with reasonable totals (between 95-97 wt% total oxides) that have been collected, major element compositions are fairly similar throughout the eruptive sequence (Figure 19 ), except for elements that are highly sensitive to temperature, such as Ti and F [65] . Low Ti and high F contents in biotite crystals from holocrystalline granitic enclaves are compatible with the low temperature of these samples, while the high Ti and lower F in crystal-rich and crystal-poor pumices is consistent with higher temperature around 670-750°C (see Fe-Ti oxides section below).
Fe-Ti oxides
Both ilmenite and magnetite microphenocrysts are present in most KPT samples, including melt-bearing and holocrystalline granitic enclaves. However, ilmenite is generally in low abundance, and none have been found in the crystal-poor pumices. When present, both phases are generally homogeneous and in equilibrium with respect to Mg/Mn contents (except for some granitic enclaves; method of [66] . Ilmenites found in melt-bearing and holocrystalline granitic enclaves have very high Mn content (between 5-6 wt% MnO for the melt-bearing gran- itoids, and 7-13 wt% MnO for the holocrystalline ones).
Quartz
Quartz appears as large irregular crystal fragments in most cases. They contain numerous melt inclusions, and the largest of which (>200 microns) decrepitated upon eruption, blowing the crystals apart. This quartz fragmentation has been described in many other deposits from explosive volcanic eruptions [42, 67] . In addition to decrepitation, Keller (1969) reported that all light colored crystal phases in the KPT (including quartz) show strong corrosion, resorption, and melting. Although plagioclase crystals do appear euhedral in some cases, this study confirms that most quartz and sanidine crystals show irregular, resorbed outlines (part of it resulting from decrepitation of grains). Cathodoluminescence (CL) imaging of these quartz crystals reveal limited and smooth zoning. As CL zoning in quartz is thought to be related to Ti content [68] , which correlates with temperature [69] , electron and ion microprobe analyses have been performed in order to determine the Ti contents of these quartz crystals (see [28] for analytical details). As suggested by CL images, Ti gently (± some oscillatory zoning) decreases towards the rim ( Figure 20 and Appendix 5). In contrast to quartz crystals in the Bishop Tuff [28, 70] , no bright Ti-rich rims, which have crystallized at higher temperature, have been found. As other evidence for late reheating are present in the Kos Plateau Tuff magma (Rapakivi textures and inverse zoning in plagioclase), a possible explanation would be that quartz did not grow during the reheating event. This interpretation is consistent with the generally rounded external shapes of quartz crystals, which indicate late resoption (see also [4] ).
Amphibole
Amphibole crystals in the KPT are only found as rare and small crystals in banded pumices, and are associated with the mafic magma mixed or mingled with the ambient LA-ICP-MS analyses were done on both fused disks used for XRF analysis and on some of thin sections used for the microprobe analyses. The analyses were performed using an Inductively Coupled Plasma torch associated to a quadrupole Perkin Elmer Sciex Elan 6100 DRC mass spectrometry of the University of Lausanne. A deadtime of 90 seconds was counted before the ablation, which lasted about 20 seconds. The laser beam size was set to 120 μm with a power of 160 mJ on the glass disks and 40 μm on thin sections. Helium was used as a carrier gas to transport ablated ions into the ICP-MS torch system. The spectrometer was optimized on low background values, to take in account low content in trace elements. The standards NIST 612 (CaO = 11.93 wt%) and NIST 610 (CaO = 11.827 wt%) were used respectively, at the beginning and at the end of each analytical sequence with results always within ± 10% of the reported values by NIST. Precise wt% Al 2 O 3 from microprobe values were used as internal standards. Data reduction done with LAMTRACE, a spreadsheet developed by S.E. Jackson (Macquarie University). N = Number of different crystals analysed. Analytical SD is typically 1-5% of the measurement, and typically much smaller than reported geological SD.
rhyolite. They form mm-sized euhedral crystals with no apparent chemical zoning. Only a few electron microprobe analyses were collected at the University of Lausanne (see analytical methods). These amphiboles can be classified as magnesiohornblendes (using [71] ).
P-T-F O2 conditions of the KPT
As shown by Keller (1969) , the normative composition of the KPT glass falls near the water-saturated haplogranitic eutectic at 2 kb (accounting for the effect of Ca; Figure 21 ). It provides an estimate of the pressure at which the glass last equilibrated with the mineral assemblage. This shallow pressure of equilibration is agreement with the range Figure 18 . TEM-EDS spectra of KPT biotites, showing abnormally high Cl, Na, and Ca is the structure, suggesting the presence of a Na, Cl, and Ca rich sub-micron phase within the biotite.
of volatile saturation pressure obtained by CO 2 -HO 2 content of quartz-hosted melt inclusions (1.5-2.5 kb; [54] ). In any case, such a high-SiO 2 magma must have been produced at shallow depth, as pressures higher than 2-3 kilobars increase the stability field of quartz, and lead to a lower SiO 2 content in the residual liquid (e.g., [56] ). Oxygen fugacity for the KPT rhyolite is high (NNO +0.5 to 2, using respectively the calibration of [72] and [73] ; Figure 22 ), but not unusual for arc magmas (e.g., [72, 74] ). Such highly oxidized magmas are commonly associated with high magmatic S content (although little remains dissolved in the melt at low temperature; [75] ), and the presence of sulfate in the deposits (e.g., [76] [77] [78] ).
Magmatic temperatures of the different sample types in the Kos system have been estimated by six different thermometers, including as Fe-Ti oxides pairs (see next paragraph), two-feldspars pairs [79] , amphibole-plagioclase pairs [80] , quartz-magnetite δO 18 partitioning [81] , Ti-inQuartz [69] , and zircon saturation temperature [82] .
Many calibrations of the Fe-Ti oxides thermometry have been published over the years (see the most recent one, [72] , for a comparison of the different versions). In the case of the KPT, the difference between temperature using the Ilmat spreadsheet [83] with the calibration of [73] and the Ghiorso and Evans (2008; [72] ) calibration yield about 100°C difference for the same sample Fe-Ti oxides from pumice samples yield ∼770°C for the calibration [73] , and ∼670°C using [72] . Although it includes the most up-todate database of experiments, and should be particularly appropriate for arc magmas, the calibration of [72] appear to yield very (too?) low temperatures. In this particular case of the KPT, it yields pumice Fe-Ti temperatures similar to or below the solidus for a haplogranite composition at P H 2 O = 2 kb [84] , while melt-bearing granitic enclaves are much lower than the solidus.
In addition to the Fe-Ti oxides thermometer, magmatic temperature for the KPT pumices obtained using (1) twofeldspar equilibrium, (2) Quartz-Magnetite δO 18 partitioning, (3) Ti-in-Quartz [69] , and (4) Zircon saturation, all fall within 50-80°C of the water-saturated haplogranite solidus. The lowest temperatures are given by twofeldspar thermometry (average of the different thermodynamic models are ∼700°C; Figure 23 ), Ti-in-Quartz thermometry yields 700-750°C (at an aTi = 0.9; [69, 85] , Appendix 5), and Qtz-Mag δO 18 thermometry clusters around 750-760°C [81] . Zircon saturation temperatures [82] cluster around 730°C (Figure 24 ).
Discussion
Rhyolite differentiation process in the Aegean
There seem to be little doubt that fractional crystallization (FC) is the dominant differentiation mechanism for the KPT, and more generally within the whole Kos-Nisyros volcanic center; most petrological studies that have focused on magmas in the area indicate a very limited amount of assimilation of crustal wall rocks in Kos-Nisyros magmas [17, 19, 24, 39, 48, 86] . This is confirmed by new Sr-Nd-O isotope data on multiple samples of the KPT ob- Figure 19 . Electron microprobe analyses with satisfying totals (analytical totals between 95 and 97 wt%) of KPT biotite in pumices and granitic enclaves. Despite a fairly wide range in SiO 2 content, major elements vary little except those which are related to T (particularly F and Ti, [65] ). IV(F) yields a F value corrected for Fe/Mg variation [65] . tained in the course of this study, which imply that extensive participation of the old Paleozoic-Mesozoic basement or Miocene plutons (e.g., [87] ) found in the area could not have been a major component in forming the local dacites and rhyolites. In addition, the absence of xenocrystic material in more than 150 ion probe data points in KPT zircons imply that wall rocks did not contribute much to the mass of zircons (and mass of magma by inference).
While fractional crystallization is likely to be the main process that drives differentiation in the Aegean, it is certain that some crustal material, either under the form of subducted sediments from the Nile delta, old crustal material hosted in the mantle or from Paleozoic-Mesozoic continental rocks from the overriding Aegean plate, has participated in a limited extent in the generation of the KPT. On the basis of the fact that isotopic tracers show as much or more crust in the more mafic magmas (andesites) than dacites and rhyolites in Kos-Nisyros volcanic center (true also elsewhere in the Aegean; [24, 48] ), it is likely that the assimilation has occurred deep (either in the lower crust or the upper mantle). However, precisely determining the relative contributions from the different reservoirs (slab, subducted sediments, asthenopheric mantle, metasomatized lithospheric mantle, overriding continental plate) in the Aegean using Sr and Nd isotopes is unachievable in the present state of knowledge. It is not surprising that the continental crust from the Aegean microplate is isotopically highly variable (e.g., 87 Sr/ 86 Sr from ∼0.704 to 0.71; see among many [87] [88] [89] ), but it is also known that European lithospheric mantle can be highly heterogeneous ( 87 Sr/ 86 Sr >0.715; [90] [91] [92] [93] ; see also discussion in [94] and a trachyandesite clast found in the KPT, [47] ), while Nile sediments show a large range of isotopic values as well (see Figure 9 ; [47] ; [51, 52] ). In these conditions, mixing calculations, which require welldefined endmembers, leave significant uncertainty in the determination of the relative proportion of each endmembers in the final rhyolitic magma.
Similarly, the δ 18 O ratio indicates a major mantle component in these rhyolites (the KPT δ 18 O value is slightly more "mantle-like" than those measured in Milos but sim- Figure 24 . Summary of temperature data obtained on KPT samples. G&E08 is Ghiorso and Evans, 2008 [72] , and A&L85 is Andersen and Lindsley, 1985 [73] . ilar to those of Santorini; [48] ). Assuming that the astenospheric mantle has a δ 18 O value of ∼5.3‰ [95] and accounting for a ∼0.5-1‰increase due to fractional crystallization [96] , some crustal material with high δ 18 O must have participated in the generation of the KPT. However, it is uncertain (1) how much crustal material is needed (δ 18 O of the assimilant could vary from +10 to +20; [97, 98] and lead to as little as 15% and much as 50% crustal assimilant) and (2) whether this crustal signature comes from heterogeneities contained within the slab or lithospheric mantle [99] [100] [101] and/or from the crust of the overriding plate. As isotopic ratios remain somewhat ambiguous in quanti-fying the relative contributions of the different reservoirs in Aegean magmas, other independent lines of evidence must be sought. Perhaps the strongest argument for a crystal fractionation dominated evolution in these magmas is results from numerical modeling of the thermal evolution of mafic magmas interacting with surrounding crust. As already discussed by Bachmann et al. (2007) , these models show that mafic magmas interacting with thin (<30 km thick) crust (which is the case of the Aegean region) will lead to a very limited amount of crustal additions; the wall rocks act as containers but do not melt extensively and/or get entrained in the erupted magmas (e.g., [102, 103] ).
In addition to differentiation by crystal fractionation and a limited amount of crustal assimilation, magma mixing (sensu lato) is ubiquitous (albeit not extensive) in the KPT and other magmas of the Kos-Nisyros system, as in most other magmatic provinces in the world (e.g., [104, 105] ; [17, 24] ). The interaction between the resident crystal-rich rhyolite and a more mafic endmember (andesite) is obvious texturally (banded pumices) and compositionally in the KPT, but only involved a small fraction of mafic magma (<20% mafic magma, based on the SiO 2 scale), as banded pumices are rare and mixing trends on compositional diagrams are limited in their extent (Figure 8 ). Mixing therefore played a role in creating intermediate compositions in between endmembers, but could not completely erase the obvious compositional gaps in the erupted products of the Kos-Nisyros region (Figure 8 ; [23, 47, 106] ).
On the basis of U-Th-Pb SHRIMP dating of KPT zircons (which have no evidence for xenocrystic cores), a minimum of 250 000 years can be estimated as the time taken by the KPT magma body to reach its observed erupted volume (>60 km 3 ; [39] ). Assuming that crystal fractionation requires ∼8-10 times more basalt to produce rhyolite, at least 600 km 3 of basalt was distilled. In 300 k.y., this give a basalt flux slightly higher than 10 −3 km 3 /yr. This rate is in the low range of eruption rates estimated by [107] ) for systems worldwide, consistent with the low convergence rate of the Aegean subduction zone [10] .
Rejuvenated mush by gas sparging
As discussed by Keller (1969) , the KPT shows obvious marks of a late reactivation event that partially resorbed quartz and feldspars. This partial resorption of the anhydrous minerals is likely to be a consequence of a reheating event that occurred shortly prior to eruption, because (1) the presence of well-developed Rapakivi textures, (2) the gradual inverse zoning in plagioclase (An content progressively increasing towards the rim) converge towards indicating a system progressively warming up prior to eruption. Textural disequilibrium in quartz and feldspars could also be due to decompression, but in such a scenario, the An content of plagioclase would be expect to drop towards the rim [84] .
The reheating event, as suggested by Keller (1969) , was most likely caused by underplating mafic magmas such as the one found in the banded pumices. This inference has been strengthened by the recent discovery of a deposit at the base of the KPT that contains the most mafic magma composition ever found on Kos island [108] . However, I would argue, in contrast to Keller (1969) 's scenario, that the parental silicic body was not a solidified granite, but a chemically evolved crystal mush that was still hovering above its solidus when it was reheated and partially remelted. Remelting a fully-solidified granite by intrusion of mafic magmas in the upper crust is thermally unviable [102] , and would require an unreasonable amount of volatile to be transferred back to the silicic magma (as nearly all volatiles escape as magmas reach their solidii). Moreover,the granitic enclaves do not represent the unmelted protolith, as claimed by Keller (1969) , but rather the crystalline margin of the magma chamber. The range of zircon U-Th-Pb ages for these enclaves are indistinguishable from those collected from pumices, which implies that they grew over the same time period (and not much before as would be expected to if the protolith was a solidified granite [39] .
Based on the mineral textures and zoning patterns (mostly in feldspars), reheating was likely complex, involving several pulses of heat and chaotic stirring of the viscous mixture. It is also obvious from the different components (e.g., crystal-poor pumices and highly crystalline granitic enclaves) that parts of the magma chambers were at different temperatures. Granitic enclaves were stored near the edge of the magma body, in the colder parts of the system, while crystal-poor magma (recorded by the crystal-poor pumice) may record a higher temperature environment (although no pre-eruptive temperature estimates could be collected from these pumices due to lack of ilmenite).
The Kos Plateau Tuff magma chamber appears as a plausible case of magma rejuvenation by gas sparging from the underplating mafic layer (hot gas liberated by the mafic layer and allowed to percolate upward through the silicic crystal mush), as already suggested for other units (e.g., Fish Canyon Tuff; [109, 110] , Mt St-Helens [111] , Cerro Galan [112] ). The reasons are the following: (1) the rejuvenated silicic magma only shows a trivial amount of magma mixing with the mafic magma, indicating that the heat transfer had to be dominated by a process other that mixing. (2) The presence of euhedral, halogen-rich biotite crystals with baryte inclusions and interlayer deficiencies (low analytical totals indicating presence of excess H 2 O) and pyrite in co-magmatic, holocrystalline granitic enclaves fragments imply that the reheating occurred at high volatile fugacities. (3) Magmas in the Kos-Nisyros volcanic centers show evidence for open-system gas fluxing through magma chambers (e.g., [54] ). The continuous monitoring of the 3 He/ 4 He ratios in fumaroles of Nisyros volcano [113] showed a clear increase in 3 He/ 4 He (from 5.5 to 6.2) a couple of years after a earthquake swarm. The 3 He/ 4 He data requires a "mafic wind" reaching the surface after having crossed the shallow magmatic column.
Concluding remarks
The Kos Plateau Tuff is a particularly well-preserved example of a large-volume, calc-alkaline high-SiO 2 rhyolite. Its geochemical characteristics attest the importance of crystal fractionation in producing evolved magma composition the Aegean arc, which represent a relatively clean "magmatic distillation column" (very little assimilation from surrounding crust). The lack of involvement of pre-existing crust in the Aegean subduction zone (which is characterized by slow convergence rate, low magma productivity, and thin overriding continental crust) is expected from recent numerical models of basalt interaction with the continental crust [102, 103, 114] .
The Kos-Nisyros area accumulated rhyolitic magmas for several hundreds of thousands of years [39] at shallow depths (∼1.5-2.5 kb), and this chamber could have ended its career as a upper crustal granite. However, a period of sufficiently large intrusions of more mafic magmas reactivated the cooling crystal mush and triggered the massive KPT eruption. The limited mixing between the silicic and mafic magmas, the partial resorption of feldspars and quartz and the numerous evidence for high volatile content in the system suggest that the rejuvenation of the crystal mush was largely induced by hot gas percolation released from the mafic underplates.
The Kos-Nisyros volcanic center presents every possible signs of high magmatic unrest (earthquake swarms, hot and abundant passive degassing, active hydrothermal system; [18, 22, 113, 115, 116] ). As the youngest eruption of the system (Yali rhyolite, [25] ) is chemically very similar to the KPT (after a period of more mafic magmatism during the construction of the Nisyros cone), I would argue that the location should be closely monitored for future caldera-forming eruption of silicic magma. 
Appendix 1
Photographs of hand samples and thin sections (epoxy colored in blue to show porosity) of all four types of pumices in the KPT. Full table including all whole-rock XRF and ICPMS analyses. HR-TEM technical details and data from the Kos Plateau Tuff biotite. Method: Biotite flakes hand-picked a fresh Kos Plateau Tuff pumice (KPT04-2) were placed on a carbon grid with a drop of ethanol dispersion and dried in air. TEM analyses were performed at the University of Fribourg (Switzerland) using a Philips CM200 operated at 200 kV, equipped with an EDAX energy dispersive X-ray spectrometer (EDS). The beam diameter for the EDS analyses was 5 nm. 
